
7. TROPICAL CYCLONE

7.1 AN UPDATED VALUE ANALYSIS OF
JTWC WARNING SUPPORT

Lt Col Chip Guard
Joint Typhoon Warning Center, Guam

A comprehensive analysis of the costs of
western North Pacific DOD typhoon prepara-
tions, the value of J’IWC support, and the cost
effectiveness of the US PACOM Tropical
Cyclone Warning System was accomplished.
The study analyzes the warning process at
JTWC, describes various typhoon strike scenar-
ios, explains the value of credibility, considers
both tangible and intangible costs and benefits,
ascertains port./facility costs for typhoon prepa-
ration, illustrates the value of resources at risk,
and finally computes the cost-benefit ratio of
the Warning System. The analysis provides a
baseline for future assessments whenever sup-
port requirements change. (It will be published
as a NOCC/JTWC Technical Note.)

7.2 A TROPICAL CYCLONE WIND
SPEED VERSUS DAMAGE SCALE FOR
THE TROPICAL WESTERN PACIFIC

Lt CO] Chip Guard
Joint Typhoon Warning Center, Guam

and
Dr. Mark A. Lander
University of Guam

A scale that relates tropical cyclone wind
speed to potential structural, agricultural, and
coastal damage has been developed for use in
the tropical western Pacific Ocean. The scale
employs the basic model of the Saffir-Simpson
Hurricane Scale which has been used for many
years along the Atlantic and Gulf of Mexico
coastal areas of the United States. It incorpo-
rates construction materials and plant life that
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are common to the tropical Pacific region, and
considers the structural weakening of wood
from termites and wet and dry wood rot. The
scale also modifies expected storm surge values
of the Saffir-Simpson Hurricane Scale to
account for the effects of island near-shore bot-
tom topography (such as fringing coral reefs) on
storm surge, wind-driven waves, and near-
coastal surf action. Because many of the islands
of the tropical Pacific contain crops and shelters
that are highly susceptible to damage by sub-
hurricane-force winds, the scale addresses the
potential damage from the winds and seas asso-
ciated with tropical depressions and tropical
storms as well as with typhoons. The scale has
good potential for application in other tropical
cyclone-prone areas in the global tropical belt.
The paper will be submitted to a meteorological
journal, and a User’s Manual has been complet-
ed and will be published as an NOCC/JTWC
Technical Note.

7.3 MIDGET TROPICAL CYCLONES: A
SURVEY AND DESCRIPTION

Dr. Mark A. Lander
University of Guam

and
Lt Col Chip Guard

Joint Typhoon Warning Center, Guam

This paper attempts to distill from historical
accounts, technical studies, and recent observa-
tions, a descriptive climatology of midget tropi-
cal cyclones (MTCS). A definition of the MTC
is presented. Several examples of MTCS are
provided to illustrate the special diagnostic and
forecast problems associated with these storms.
An argument is presented that the MTC is a
unique subset of tropical cyclones possessing a
unique set of characteristics, and not merely a
continuum of smaller than normal tropical
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cyclones based solely on size. These unique
characteristics are identified and a physical
model is presented. Foremost among these are
the presence of inner core winds only (no sig-
nificant outer core winds), rapid intensity
changes, and preferred areas for genesis under
specific synoptic conditions. Techniques for
analysis, satellite interpretation, and forecasting
are presented. The paper will be submitted to a
meteorological journal for publication.

7.4 AN EXPLORATORY ANALYSIS
OF THE RELATIONSHIP BETWEEN
TROPICAL STORM FORMATION IN THE
WESTERN NORTH PACIFIC AND
EL NINO-SOUTHERN OSCILLATION
(ENSO)

Dr. Mark A. Lander
University of Guam

Observed annual tropical cyclone (TC)
totals in the western North Pacific are virtually
uncorrelated with any ENSO index, a finding
which supports earlier work by Ramage and
Hori (1981). The only statistically significant
relationship found in this study between an
ENSO index and a statistic of TC totals was the
reduction in the number of Early Season storms
during years when the Southern Oscillation
index starts out relatively low and rises sharply
by the middle of the year.

It is very clear that the ENSO cycle plays a
major role in the interannual fluctuation of the
annual mean genesis location of TCS in the
western North Pacific. In order to show this
relationship, the NOAA Climate Analysis
Center’s monthly values of the Southern
Oscillation index were averaged in 1l-month
(March through January) intervals (< S01>).
When the <S01> is low and the SST in the cen-
tral and eastern equatorial Pacific is warmer
than normal, the genesis region for TCS in the
western North Pacific shifts eastward; when the
<S01> is very high and the SST of the central
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and eastern equatorial Pacific is cooler than nor-
mal (so-called, “la nina” or cold event cond~-
tions) the annual average genesis location shifts
westward.

During a given year, the TC distribution and
the preferred areas for genesis are governed pri-
marily by the location and the behavior of the
monsoon trough. ENSO plays a significant part
in the complex behavior of the regional circula-
tion of the western North Pacific, particularly
with respect to the eastward extent of penetra-
tion of monsoonal westerly winds in the western
North Pacific. During low cSOI> years, the
monsoonal westerly winds penetrate further to
the east than during most other years, and the
average annual genesis location of the TCS is
found east of normal. This eastward displace-
ment of cyclogenesis is greatest during the Late
Season of low <S01> years (Figure 1). During
high <S01> years, the monsoon trough, on
average, does not penetrate as far to the east as
it does during low <S01> years, and the annual
mean genesis location is found west of normal,
particularly during the Early and Late Season,
Many of the TCS that form to the east of notmal
during the Mid Season of high <S01> years am
induced north of 20”N in low-level easterly flow
by overlying or peripheral TWIT’ cells. Most of
the TCS that form to the east of normal during
low <S01> years form south of 20”N at the
eastern terminus of an eastward-displaced mon-
soon trough (Figure 1).
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Figure 1. Origins of tropical cyclones by season (EarlySeason— March through mid-July; Mid-Season — mid-July through
mid-octobe~ Late Season — mid-oclober through January) for he five years during tie period 1970-1991 with tie five high-
est values of <SOb (column A), and for the live years with the lowesl values of 40b. (cdn-nn B). NOR origin is defined
as the location where tropical depression intensity firs~ appears on the JTWC final best track .

7.5 AUTOMATED TROPICAL CYCLONE
BINARY INTERACTION ANALYSIS AND
FORECASTING

Captain Steven C. Hallin, USAF
Joint Typhoon Warning Center, Guam

7.5.1 ANALYSIS
In order to update existing hand plotted

techniques, an automated technique for the
analysis of binary systems has been developed.
This technique uses analytical techniques devel-
oped in previous studies (Brand, 1970; Dong
and Neumann, 1983; Lander and Holland,
1993) which have emphasized the importance
of plotting the tracks of the two tropical
cyclones relative to the centroid, calculating the
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separation distance between them, and calculat-
ing orbit rates around the centroid. Typical fea-
tures of a binary interaction, as seen in the cen-
troid-relative tracks, are summarized in Figure
2.

The primary, and most reliable, parameter
used in diagnosing the onset of binary interac-
tion is the separation distance. The average dis-
tance at which binary interaction is initiated is
approximately 750 nm (1400 km or approxi-
mately 12° of longitude) (Brand, 1970),
although in practice, capture or escape can
occur at substantially different distances. A
real-time calculation of the orbit rates around
the centroid provides another objective measure

of the onset of interaction. To use the orbit rate
in determining the onset of binary interaction,



ridge as it escapes and recurves. In Figure 4,

Figure 2. Model of binary interaction of two cyclonic,
mesoscale vortices, conr.aining the major elements of approach
and capture, followed by mutual Orb]L then release and escape,
or merger (from Lander end Holland. 1993).

the following rule of thumb is applied: if the
separation distance is greater than 750 nm, a
delay of the diagnosis of binary interaction is
suggested until a cyclonic orbit rate of at least
two degrees per six hours has been established
for 12 hours. If the separation distance is less
than average, then six hours of any amount of
cyclonic orbit rate should suffice to establish
that interaction has commenced. Deviations
from the idealized case shown in Figure 2 can
be manifested as periods of transient binary
interaction, periods of weak binary interaction,
fluctuating orbit rates, and nonstandard capture
and escape distances. These deviations may
occur due to external influences or size variabil-
ity in the tropical cyclones.

Figures- 3 and 4 show the interaction
between Typhoons Brian (25W) and Colleen

(26W) in October 1992. Figure 3 is a common
centroid-relative pattern for a binary interaction
(Lander and Holl:ind, 1993). In earth-relative
coordinates, the system to the west will typical-
ly exhibit a slow, erratic, looping motion as

occurred with Colleen. The other tropical
cyclone, in this case Brian, will acclerate toward
the northwest after a noticeable bifurcation in its
track, and then track around the subtropical

the significant cyclonic rotation started on
2012002 October at a greater than average dis-
tance, e.g. 12-18 hours before the separation
distance reached the 750 nm threshold, and
increased as the systems approached. Brian
escaped the interaction on 2318002 October as
indicated by the increase in separation. The
actual tracks of Typhoons Brian (25W) and
Colleen (26W) are shown in Chapter 3, Section
3.2 Western North Pacific Tropical Cyclones.
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The analysis of this particular binary inter-
action was of considerable operational impor-
tance since Brian’s track deviation due to the
capture in a binary orbit with Colleen directed
the typhoon over Guam on 21 October. On 24
October, the interaction ended as Brian escaped
into the westerlies.

7.5.2 FORECASTING
After determining that binary interaction is

occurring, it is possible to calculate the forecast
positions of the binary pair based on the separa-
tion distance and the orbit rate coupled with a
forecast of the motion of the centroid. For this
study, the centroid track forecast is based on
CLIPER (Xu and Neumann,1985). The binary
interaction forecast aid developed at JTWC,
called FUJI, can then be applied. Its application
should be tempered with an understanding that
in the western North Pacific very few (less than
25%) of the binary systems merge and, the
member of the binary pair to the northeast will
most probably be the one to escape the interac-
tion and recurve (Lander and Holland, 1993).
Preliminary verification statistics on FUJI show
reasonable one to two day guidance, which
deteriorates at the three day point. The tech-
nique has been expanded to produce centroid
track forecasts using other forecast models (e.g.
N@APS) in addition to CLIPER.

lS5r *

7.6 TROPICAL CYCLONE INTENSITY
AND THE LENGTH OF DEEP
CONVECTIVE RAINBANDS AS
DETECTED BY THE SSM/I SENSOR

Captain Steven C. Hallin, USAF
Joint Typhoon Warning Center, Guam

A set of 26 DMSP satellite passes over 15
western North Pacific tropical cyclones that
occurred between 1990 and 1992 was studied to
test the hypothesis that the length of rainband
signatures on the SSM/1 imagery can be related
to the intensity of tropical cyclones. After
reviewing the work of Glass and Felde (1990),
which found a good relaticmship between the
amount of deep convection (as measured on the
85-horizontally-polarized (85h) GHz channel)
and intensity, the next step was to see if the
length of the deep convective rainbands could
be objectively measured on the 85h GHz chan-
nel. Each 85h GHz image was processed at a
specific threshold temperature that best recov-
ered the rainband detail, the arcs of the deep
convective rainbands were curve-fitted to an
overlaid 10° logarithmic spiral, and the arc
length was measured in tenths of a complete
wrap similar to the curved cloud band technique
used by Dvorak (1984). The arc lengths were
then plotted against the corresponding best track
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intensities. Separating the ‘intensifying cases
from the weakening cases, provided the most
useful relationship, For the weakening cases,
the use of a colder threshold temperature on the
SSM/1 data yielded better correlations between
arc length and best track intensity. The results
of the study are provided in Figures 5 and 6.

In summary, the hypothesis that the length
of rainbands on “the 85h GHz microwave chan-
nel can be related to the intensity of tropical
cyclones appears to be valid. Because of the
success of the Dvorak technique, which decom-
poses the visual and infrared satellite images
into banding and central cloud features, the
application of a Dvorak-1ike approach to the
intensity estimation information latent in the
SS,M/I rainband signatures is appropriate.
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7.7 TROPICAL CYCLONE
FORECASTER’S REFERENCE GUIDE

Sampson, C. R., Jan-Hwa Chu
and

Lt. R.A.Jeffries
Naval Research Lab (NRL), Marine
Meteorology Division, Monterey, CA

Development of a Tropical Cyclone
Forecaster’s Reference Guide continues. The
guide consists of seven chapters. They are (1)
Tropical Cyclone Warning Support, (2) Tropical
Climatology, (3) Tropical Cyclone Formation,
(4) Motion, (5) Forecast Aids, (6) Intensity, and
(7) Structure. The f~st three chapters have been
published -as Technical Notes (available from
NRL). The other four chapters are in prepara-
tion. The chapter-by-chapter publishing format
not only makes the edition and inclusion of
updated information easy, but also provides
tropical meteorology training notes for aerogra-
phers. After all of the chapters are complete,
they will be transferred to an interactive video
disk format, saving considerable storage space
which is especially important for shipboard use.

Figure 6. Same as Figure 5 except for weakening
mrpical cyclones using a threshold brightness tem-
perature of217°K. Parameters correla~e at 0.34 and
account for only 5870 of the variance. The standard
emor is 28 kt.
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7.8 A REGRESSION MODEL FOR THE under the program direction of the Space
WESTERN NORTH PACIFIC Warfare and Systems Command. The new
TROPICAL CYCLONE INTENSITY ATCF will use industry standard X-
FORECAST Window/Motif for window management and

will communicate with the Tactical
Jan-Hwa Chu and C.R. Sampson Environmental Support System (TESS 3.0).

Naval Research Lab (NRL), Marine The first phase of the project is expected to be
Meteorology Division, Monterey, CA completed in the summer of 1995.

A regression model forecasting the tropical
cyclone intensity in the western North Pacific
was derived by using the nineteen-year (1971-
1989) post-analysis best track data from JTWC
which includes the date, time and location of the
cyclone’s circulation center, and the observed
maximum sustained wind speed (1-minute aver-
age at 10-meter elevation). The term intensity
refers to the estimated maximum sustained 1-
minute surface wind speed associated with a
cyclone. This model provides intensity fore-
casts for 12-hour intervals up to 72 hours. The
verification of the model’s forecasts for data
from 1990 is discussed. An operational version
of this regression model, Statistic Typhoon
Intensity Forecast (SHIFOR), was delivered to
the Fleet Numerical Oceanography Center for
operational testing. This model is based on the
SHIFOR model (Jarvinen and Newmann, 1979)
used at the National Hurricane Center. A tech-
nical report on this model will be published.

7.9 AUTOMATED TROPICAL CYCLONE
FORECASTING SYSTEM (ATCF)
UPGRADE

T.L. Tsui, A.J. Scrader, Lt R.A. Jeffries
and

C.R. Sampson
Naval Research Lab (NRL), Marine
Meteorology Division, Monterey, CA

The ATCF has been operational at JTWC
since 1988. The current system runs on an
IBM-DOS operating system. NRL, Monterey is

adapting ATCR to the UNIX operating system

7.10 PROTOTYPE AUTOMATED
TROPICAL CYCLONE
HANDBOOK (PATCH)

C.R. Sampson and Lt. R.A. Jeffi-ies
Naval Research Lab (NRL)

Marine Meteorology Division, Monterey, CA

PATCH is an expert system designed to pro-
vide tropical cyclone forecast and training guid-
ance to JTWC for the western North Pacific
Ocean. The scope of the project has expanded
to include expertise pertaining to tropical
cyclone formation, motion, intensification and
dissipation, and structure and structure change.
The motion section is under evaluation and in
the future will include forecasting expertise cur-
rently under development at the Naval
Postgraduate School. The expert system is an
integral part of the ATCF upgrade.

7.11 TROPICAL CYCLONE MOTION-92
(TCM-92) MINI-FIELD EXPERIMENT

Professor Russell L. Elsberry
Naval Postgraduate School, Monterey, CA

The Naval Postgraduate School (NPS) and
the Office of Naval Research (ONR) Marine
Meteorology Program co-sponsored a mini-field
experiment near Guam during July-August
1992. The Experiment Operations Center was
located at JTWC, which provided space, shared
its meteorological data bases and facilitated the
TCM-92 operations. JTWC TDOS participated
in routine meteorological discussions.
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The objectives and organization of the
experiment were described in the TCM-92
Operations Plan (Elsberry et al., 1992), which
also summarized recent research that has inves-
tigated short-duration tropical cyclone track
deviations. TCM-92 tested the following
hypotheses:

1) Long-lived tropical Mesoscale
Convective Systems (MCS) have a three-dimen-
sional wind and thermal structure similar to a
midtropospheric vortex in the stratiform rain
region of a midlatitude MCS, and have suffi-
cient horizontal extent to cause a mutual inter-
action with a tropical storm or weak typhoon
via a Fujiwhara-type effect that results in track
deviations of the order of 100 km a day.

2) Long-lived tropical MCSS that maintain
a quasi-stationary position relative to an associ-
ated tropical cyclone cause approximately 100
km deflections in the cyclone track via a diver-
gent circulation and its interaction with the sym-
metric vorticity field to create a wavenumber
one asymmernc circulation.

3) Relative cyclone track displacement of a
MCS and a tropical cyclone can be related to
their radial positions within the horizontal wind
shear field of an active monsoon trough.

4) Tropical cyclone genesis is caused by the
merger of two or more interacting MCSS to cre-
ate a single system with greater vorticity.

During the period of 21 July 1992 to 21
August 1992, USAF Reserve WC- 130 aircraft
and crews of the 815th Tactical Airlift
Squadron, Keesler Air Force Base, Mississippi
deployed to the western North Pacific.
Operating from Guam, crews flew nine mis-
sions of 9-13 hours duration into tropical
cyclones and nearby MCS to collect flight-level
and dropwindsonde obsexwations in support of
the TCM-92 mini-field experiment as described
in the NPS Technical Report (Dunnavan et al.,
1992). A M.S. thesis at NPS by Captain Eric
McKinley (USAF) compares the observations
from the most pronounced MCS during
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Intensive Observing Period (IOP) 7 verses a
weak MCS during IOP 1. Four papers describ-
ing the preliminary results from TCM-92 will
appear in the Preprints of the American
Meteorological Society 20th Conference on
Hurricanes and Tropical Meteorology (Boothe
et al., 1993; Dunnavan et al., 1993; McKinley
and Elsberry, 1993; and Ritchie, 1993).



BIBLIOGRAPHY

Atkinson, G. D. and C. R. Holliday, 1977: Tropical

cyclone minimum sea-level pressure and maximum sus-

tained wind relationship for the western North PacKlc.
Monthly Weather Review, Vol. 105, No. 4, pp 421-427.
(also Fleet Weather Central/JTWC Technicat Note 75-l).

Boothe, M.A., P.A. llarr and R.L. Elsberry, 1993:
Interaction between a mesoscale convective system and
the large-scalemonsoon flow during TCM-92. Preprints,
20th Conf. on Hurr. and Trop. Meteor., (Paper 15A.3).

Brand, S., 1970: Interaction of binary tropical cyclones
of the western North Pacific Ocean. Journal of Applied
Meteorology, Vol. 9, pp 433-441.

Bureau of Meteorology (Northern Territory Region),
1992: Darwin Tropical Diagnostic Statement(s), Jan
through Dec. The Regional Director, Bureau of
Meteorology, GPO Box 735, Darwin, Northern Territory
0801, Australia.

Diercks, J. M., R. C. Weir and M. K. Kopper, 198X
Forecast Verification and Reconnaissance Data for
Southern%emisphere Tropical Cyclones (July 1980
through June 1982), NOCC/JTWC Technical Note 82-1,
77 pp.

Dong, K. and C. J. Neumann, 1983: On the relative
motion of binary tropical cyclones. Monthly Weather
Review, Vol. 111, pp 945-953.

Dunnavan, G. M., 1981: Forecasting Intense Tropical
Cyclones Using 700 mb Equivalent Potential
Temperature and Central Sea-Level Pressure.
NOCC/JTWC Technical Note 81-1, 12 pp.

Dunnavan, G. M., E. J. McKinley, P. A. Harr, E. A.
Ritchie, M. A. Boothe, M. A. Lander and R. L.
Elsberry, 1992: Tropical Cyclone Motion (TCM-92)
mini-field experiment summary. Tech. Report NPS-MR-
93-001, Naval Postgraduate School, Monterey, CA
93943.

Dunnavan, G. M., R.L. Elsberry, P.A. Harr, E.J.
McKinley and M.A. Boothe, 1993: Overview of the
1992 Tropical Cyclone Motion (TCM-92) mini-field
experiment. Preprints,
Meteor., (Paper 15A. 1).

20th Conf. on Hum. and Trop.

257

Dvorak, V. F., 1975: TC Intensity Analysis and
Forecasting from Satellite Imagery. Monthly Weather
Review,Vol 103,No. 5, pp 420-430.

Dvorak, V. F., 1984: Tropical Cyclone Intensity
AnalysisUsing Satellite Data. NOAA TechnicalReport
NESDIS 11,46 Pp.

Elsberry, R.L., G.M. Dunnavan and EJ. McKinley,
1992: Operations plan for the tropical cyclone motion
(TCM-92) mini-field experiment. Tech. Report NPS-MR-
92-002, Naval Postgraduate School, Monterey, CA
93943,46 pp.

Glass, M., and G.W. Felde, 1990: Tropical storm struc-
ture analysis using SSMJI and OLS data. 5th Ml. Conf.
on Interactive and Info. Processing Systems for Meteor.,
Oceanogr.. and HydroL, Aneheim, CA, Amer. Meteor.
Sot., 432-437.

Guard, C.P., 1983: A Study of Western North Pacific
Tropical Storms and Typhoons that Intensify after
Recurvature. First Weather Wing Technical Note-831t302,
28 pp.

Herbert, P. H. and K. O. Poteat, 1975: A Satellite
Classification Technique for Subtropical Cyclones.
NOAA Technical Memorandum NWS SR-83, 25 pp.

Holland, G. J., 1980: An analytical model of wind and
pressure profiles in hurricanes. Monthly Weather
Review, Vol. 108, No. 8, pp 1212-1218.

Holland, GJ. and M.A. Lander, 199% On the mean-
dering nature of tropical cyclone tracks. Journal of the
Atmospheric Sciences (in press).

Holliday, C. R. and A. H. Thompson, 1979:
Climatological characteristics of rapidly intensifying
typhoons. Monthly Weather Review, Vol. 107, pp 1022-
1034.

Jarvinen, B.R. and CJ. Neumann, 1979: Statistical
forecast of tropical cyclone intensity. NOAA Technical
Memorandum NWS NHC-10, 22pp.

Jarrell, J. D., S. Brand and D.S. Nicklin, 1978: An
analysis of western Pacific tropical cyclone forecast
ercors. Monthly Weather Review, 106,925-937.




